Three new naturally occurring bicyclic alkaloids, jenamidines A (1), B (2) and C (3), were discovered and isolated from the culture broth of Streptomyces sp. (strain HKI0297) via the chemical screening approach. Fermentation, isolation, structure and biological activities of these three new secondary metabolites are reported. The jenamidines have an unusual octahydro-pyrido[1,2-a]pyrimidine skeleton. Jenamidine A (1) shows antiproliferative effects against the chronic myeloid leukaemic cell line K-562. In addition, the new tricyclic sesquiterpenoid, africantriol (4) was isolated from the same strain.
Chemical screening is an efficient method for detecting secondary metabolites from microorganisms with different types of structural skeletons and biological activities1). In order to search for new secondary metabolites, the application of our chemical screening method to the culture broth of various Actinomycetes strains resulted in a number of new compounds1). In our continuing work2-4) with different Streptomyces strains we have now investigated the secondary metabolites of Streptomyces sp. (strain HKI0297). A crude extract of this microorganism attracted our attention because thin-layer chromatograms (TLC) resulted in striking spots after staining with our routine staining reagents, especially a distinctive pink color after staining with Ehrlich's reagent (Table 1) . Analysis of extracts using various solvent systems and staining reagents guided the isolation and led to the discovery of four new metabolites (1 to 4).
Material
and Methods
General
For instrumentation and general methods see our preceding papers2-4).
Cultivation of Streptomyces sp. (Strain HKI0297)
Pure cultures of strain HKI0297 were grown on a soybean mannitol culture medium (soybean meal 20g/liter, mannitol 20g/liter, H2O 1 liter, pH=7.5 prior to sterilization). Storage of the strain was carried out in 50% 
Antiproliferative and Cytotoxicity Assays
The target compounds were assayed against K-562 (DSM ACC 10) and L-929 (DSM ACC 2) for their antiproliferative effects, and against HeLa (DSM ACC 57) for their cytotoxic effects as described earlier7).
Results and Discussion
For screening purposes, cultivation of the strain HKI0297 was carried out as 100ml shaking cultures in soybean mannitol culture medium. In order to examine the secondary metabolite pattern of the strain, a standardized work-up procedure using solid phase extraction with Amberlite XAD-16, including a 1:50 concentration step, was applied to the culture filtrate5). To isolate the metabolites detected by the chemical screening method, Streptomyces sp. (strain HKI0297) was cultivated in a 20-6 days. The detected metabolites were isolated from the culture filtrate after adsorption on Amberlite XAD-16 and subsequent elution with aq. MeOH (80%). Dilution of the concentrate in water, extraction with ethyl acetate and gradient chromatography on a silica gel column followed by gel permeation chromatography on Sephadex LH-20 yielded the pure metabolites. (Table 1 ). The 13C NMR spectrum (Table 2) (Fig. 1) . Detailed analysis of the NMR data allowed the chemical shifts assignments for all carbons (Table 2 ) and protons (Table 3) (Table 1) as well as the 1H (Table 3 ) and 13C NMR (Table 2) Table 1 . Physico-chemical properties of jenamidines A (1), B (2), C (3) and africantriol (4).
aHR -EIMS; bHR-FABMS; cHR-ESIMS; dHR-EIMS (254 [M]+ found in EIMS was of insufficient intensity
THE JOURNAL OF ANTIBIOTICS SEPT. 2003 was independently proved by the HSQC and HMBC NMR data (Fig. 1) . The configuration of the double bond in the side chain was found to be identical to that in 1 through a 1.90). Jenamidine B (2) is 9a-hydroxy-2-(3-hydroxy-1-
Structure of Jenamidine C (3)
The EIMS spectrum showed a (M+H)+ ion peak at m/z 267 and the molecular formula of 3 (C13H18N2O4) Table 1) . The 13C NMR spectral data showed all fifteen carbon signals, corresponding with a sesquiterpenoid skeleton. The absorption bands in the IR spectrum (Table 1) 3060, 1019cm-1)8,9 ). In the 1H NMR spectrum (CD3OD) three tertiary methyl highfield portion of the 1H NMR spectrum (CD3OD) protons neighbouring oxygen substituents were observed at CH(CH3)CH(OH)CH2CH-fragment. All of the above data revealed that metabolite 4 has an oxygenated tricyclic africanane skeleton8) (Fig. 2) . Therefore, in the 13C NMR NMR chemical shifts (Table 4) were confirmed by a combination of 1D and 2D NMR experiments (1H-1H COSY, HSQC, and HMBC).
Fig. 1. Chemical structures and key nJC.H HMBC correlations (H--->C) of jenamidines A (1), B (2) and C (3).
The relative configuration of 4 was deduced on the basis of NOE correlations in NOESY spectra in CD3OD and in DMSO-d6 (Fig. 2) . The NOE's between 8-OH and 3-CH2, An absence of antiproliferative activity against mouse fibroblasts L-929 and of cytotoxicity against HeLa-cells indicated a high specificity of the antiproliferative activity. Jenamidine B (2) and C (3), as well as africantriol (4) were not active in these assays. Furthermore, the jenamidines A to C (1 to 3) and africantriol (4) were inactive in a number of other biological tests (antibacterial, antifungal, antiviral and enzyme assays). 
